Introduction
While the influences on the levels of agricultural production are multiple, inter-related and varied across different spatial scales, the impacts of climate change are increasingly recognised as a significant factor affecting livelihoods globally (Bharwani et al, 2005; Kurukulasuriya and Rosenthal, 2003) . Nonetheless limitations remain in understanding the effects of global climate change on agriculture (Lobell et al., 2011) . Land cover and land use changes are acknowledged to be related to environmental factors, including climate change, in complex ways (Dale, 1997; Lepers et al, 2002) . While many have attempted to predict likely future impacts of climate change on food production (e.g., Benhin, 2008; Jackson, 2011) , fewer studies addressed the relationship between climate change in the recent past and agricultural production over time at the regional scale -despite observed temperature increases over past decades (Lobell and Field, 2007) . Similarly, very little attention has been paid to the ways in which climate change over the past may have impacted on land cover and agricultural land use. Instead, studies tend to examine the contribution of changing land use (e.g., de-forestation) to climate change (Gao and Liu, 2011) . Where the question of agricultural land use is addressed, if often obliquely, is limited to the discussion of farm-level adaptation to climate change (e.g., Mercer et al, 2012; Manandhar et al., 2011) . This increasingly rich and spatially-diverse literature examines the changes made by farmers in recent past in order to address perceived climate change at the local level. Although these studies provide a valuable description of the heterogeneity of approaches to climate change adaptation by farmers and an exploration of the complex weave of social, economic, political, cultural and environmental factors influencing adaptation and how these vary across diverse geographical milieu, they do not provide a measure or quantitative evidence of the level and nature of influence of climate change on agricultural land use and/or agricultural productivity. As Gao and Liu (2011) explain, "… few have studied the impact of climate change on land cover change, especially benign land cover change … nobody has explored the causal relationship between climate change and land use change except at the conceptual level" (p477). Similarly, Salvati et al. (2013) explain that "up to now relatively few studies examine the changes in both land cover and selected climate variables over large areas at an adequate detailed spatial scale and over a long period of time" (p402).
Furthermore, studies examining land use and land cover changes do not even mention climate as a significant factor. For example, Lambin et al. (2003) briefly mention climate as one aspect of natural variability affecting land use but climate is not listed in the authors' five fundamental high level causes of land-use change which include: resource scarcity; changing opportunities created by markets; outside policy intervention; loss of adaptive capacity and increased vulnerability; and changes in social organisation, in resource access and in attitudes.
Similarly, Leper et al. (2005) while identifying land-use changes over a period of 1981-2000, the relationship between land-use change and climate change was not explored. Similarly, Qasim et al. (2013) examining land use change in the Swat District of Pakistan briefly mentioned the expansion of off-season vegetable production due to mild temperatures but there was no further discussion of the impact of global climate change.
Given such a dearth of information in the existing literature, the present paper is an attempt to examine the impacts of climate change, agroecology and a range of socio-economic factors on agricultural land use change or diversity (ALUD) at the regional scale over a 61 year period ) using a panel data of 17 regions of Bangladesh, a country most vulnerable to climate change, increased flooding and other vagaries of nature.
We undertake this task by estimating a model of crop choice based on a theoretical framework of the farm household model applying a micro-econometric approach. This is because, we conceptualize that the observation of ALUD at a regional level is an aggregate response of individual farmers' crop choice decisions and subsequent allocation of their farm 5 area to chosen crops in response to a host of factors. In general, in these decision making processes, socio-economic and policy factors dominate and climate change is seen as either an additional factor or an enabler to observed land use change. For example, Reid et al. (2000) noted that the most significant factors influencing land use change during 1957 -1993 Valley in Ethiopia are the socio-economic and political factors although climate was only attributed to influx of migrants in the area following drought. Similarly, Liu et al. (2010) noted that land use change across China between 2000 and 2005 are due to national land strategies (e.g., reforestation policy) whereas climate warming is mentioned as enabling factor for conversion of grassland to arable lands. Otwald and Chen (2006) noted strong correlation of policies and reforms than climate change on land use change in Loess Plateau, China since the early 2000s. In this study, we explicitly include climate change variables and agroecological characteristics in addition to a wide range of socio-economic factors to identify their individual influences on ALUD at the regional level covering a long 61 year period (1948 -2008) .
The rest of the paper is structured as follows. Section 2 presents the analytical framework of the study, develops the empirical model, and describes the data. Section 3 presents the results.
Section 4 provides conclusions and draws policy implications.
Methodology

The Theoretical Model
First, we develop a general model of farm production to examine the determinants of land use diversity and or area allocated to different crops following Rahman (2008) . The farmer produces a vector Q of farm outputs using a vector of inputs X. The decision of choice, however, is constrained by a given production technology that allows combination of inputs (X) and an allocation of a fixed land area (A = A 0 ) among j number of crops, given the characteristics of the 6 farm (Z). The total output of each farmer i is given by a stochastic quasi-concave production function:
where ε is the stochastic variable indicating impacts of random noise. It is assumed that f Xk >0 and f XXk <0. Each set of area shares (α j ) among j crops sums to 1,
α which maps into the vector Q through physical input-output relationships. The choice of area shares implies the level of farm outputs. The profit of each farm i is given by:
where p is the vector of output prices and w is the vector of input prices.
The farmer is assumed to have a von Neuman-Morgenstern utility function, U(W) defined on wealth W with U W >0 and U WW <0. The wealth is represented by the sum of initial wealth (W 0 ) and the profit generated from farming (π). Therefore, the objective of each farm is to maximize expected utility as (Isik, 2004) :
where E is the expectation operator defined over ε. The choice variables in (3), the farm's input levels X ijk , are characterized by the first-order conditions
The second-order conditions are satisfied under risk aversion and a quasi-concave production function (Isik 2004) . The optimal input mix is given by:
And the optimal output mix, depending on ) ( * ijk X is defined as:
Determinants of the choice of crops
To determine the factors affecting a farmer's choice of crops, we derive the equivalent wealth or income from the expected utility (Rahman, 2008) :
This equivalent wealth or income in a single decision making period is composed of net farm earnings (profits) from crop production and initial wealth that is 'exogenous' to the crop choices (W 0 ), such as farm capital assets and livestock resources carried over from earlier period.
Under the assumption of perfect market, farm production decisions are made separately from consumption decisions and the household maximizes net farm earnings (profits) subject to the technology and expenditure constraints (Benin et al. 2004) . Therefore, production decision of the farms, such as crop choices, are driven by net returns (profits), which are determined only by input and output prices, farm physical characteristics and socio-economic characteristics of the farm household (Benin et al., 2004) . Therefore, the optimal choice of the household can be reexpressed as a reduced form function of input and output prices, market wage, farm size, initial wealth, and socio-economic characteristics of the farms (Rahman, 2008) :
Eq. (8) forms the basis for econometric estimation to examine the factors affecting diversity of crops on individual farms, an outcome of choices made in a constrained optimization problem. After developing the model for individual farmers, we extend the model to regional level.
The key assumption is that the factors affecting choice of crops at the individual farm household 8 level in a given period of time can be applied to identify the determinants of land area allocated to various crops at the regional level (which essentially represents combined action of individual farmer's responses in each region): where S represents the Shannon index of ALUD at the regional level, r represents the rth region (r = 1, 2, 3, …. 17) and t represents time (t = 1, 2, … 61).
Data
The data used for the analysis were constructed from various sources. The principal data on Bangladesh agricultural sector is taken from the special issue of Statistical Yearbook of Bangladesh which reports land area, production and yield of all major crops covering the period 1948 -1972 (BBS, 1975 Hamid (1991 Hamid ( , 1993 , agricultural censuses of Pakistan 1960 (PMFA, 1960 and Bangladesh 1983 /4, 1996 and Ahmad (1958) , population censuses of Pakistan 1951 and 1961 (PSO, various issues) and Bangladesh 1974 , 1981 , 1991 , 2001 (2004) 1 .
Dependent Variable: Shannon index of Agricultural Land Use Diversity
The dependent variable is the Shannon index which was adapted from the ecological indices of spatial diversity in species. Evenness, which combines both richness and relative abundance concept, is measured by a Shannon index. It is a commonly used diversity index that takes into account both abundance and evenness of species present in the community. The Shannon Index is defined as:
, where α j = area share occupied by the jth crop in GCA, and N is the number of crops. Higher value of index denotes higher diversity (Dusek and Popelkova, 2012) . A value of 0 would represent a community with just one species (Beals et al., 2000) . Typically the value of Shannon Index in a real ecosystem ranges between 1.5 and 3.5 (Macdonald, 2003) . On the other hand, Shannon's Equitability (E S ) can be calculated by dividing S by S max (here S max = lnJ). Equitability assumes a value between 0 and 1 with 1 being complete evenness (Beals et al., 2000) .
Shannon's diversity index is frequently used in the determination of landscape diversity (e.g., Rahman, 2010; Benin et al., 2004) because of its indisputable advantage in obtaining numeric values that can be easily compared (Dusek and Popelkova, 2012) . One limitation of Shannon index is its inability to express spatial distribution of patches within an area (Dusek and Popelkova, 2012) which in our case is not a major issue as we are using data at the regional level.
For the purpose of comparison of ALUD across agroecology, we have also constructed another commonly used diversity index, the Transformed Herfindahl Index (THI). The concentration of crop type is measured by a Herfindahl Index and is defined as:
The value of 0 denotes perfect diversification whereas the value of 1 denotes perfect concentration, i.e., only one crop (Islam and Rahman, 2012) . THI is simply defined as THI = 1 -HI. Its value increases with the increase in diversification and assumes a value of 0 in case of perfect concentration and a value of 1 for perfect diversification (Islam and Rahman, 2012) .
Explanatory variables: agro-ecology, climate change and socio-economic factors
Independent variables are operational measurements of the vectors shown on the right hand side of Eq. (9). A wide range of variables were incorporated representing agroecology, climate change and socio-economic factors. These are: prices of major crops, fertilizer prices, labour wage, literacy rate, average farm size, labour stock per farm, animal power per farm, irrigation, R&D investment per farm, extension expenditure per farm, total annual rainfall, temperature variability, flood proneness and agroecology. Table 1 presents brief definition, descriptive statistics and hypothesized direction of influence of these variables on ALUD while the construction details of these variables are delegated to the appendix (see Appendix A). We expect that the signs of the variables which are expected to hold at the farm household level will also hold at the regional level. That is positive influence of non-cereal crop price rises on ALUD, reduction of input prices (i.e., fertilizers and labour wage) to trigger shift in cropping portfolio that are fertilizer use intensive (e.g., vegetables), positive influence of farm size, labour stock, infrastructure and services (e.g., extension and R&D expenditures), and wealth (e.g., livestock resource) on ALUD. We also expect positive influence of total rainfall and negative influence of flood proneness on ALUD. However, we cannot a priori determine the influence of agroecological characteristics on ALUD.
Apart from incorporating input and output prices and agricultural labour wage, the justification for including other variables are as follows: Land and livestock are both scarce and 11 major sources of wealth in rural Bangladesh. Larger farm areas can be allocated among more crops (Benin et al., 2004) . Rahman (2008) noted that a reduction in livestock resources is positively related to crop diversity at the farm level because growing non-cereal do not require extensive draft power support. Hence, the average farm size and livestock stock were incorporated to test their independent influences on decisions regarding ALUD. Irrigation is included because lack of access to modern irrigation facilities has been identified as one of the principal reasons for stagnation in the expansion of HYV rice area in Bangladesh (Rahman and Thapa 1999; Mahmud et al., 1994) . Also, irrigation may decrease diversity through uniform moisture conditions (Benin et al., 2004) . The education variable was used because it serves as a proxy of access to information as well as capacity to understand the technical aspects and profitability related to different crops which may influence crop production decisions (Rahman, 2009) . R&D is an important element in disseminating modern technology and production knowhow to farmers and potential of agricultural growth hinges largely on its effectiveness. A total of 131 improved varieties of various cereal and non-cereal crops have been developed and released by Bangladesh Agricultural Research Institute (BARI). Agricultural extension is another important element and significant influence of extension education on adoption of landimproving technologies was reported in the literature (e.g., Solis et al., 2007) . Therefore, R&D and total extension expenditure per farm were incorporated to account for their influences on ALUD.
Bangladesh is earmarked as the country most vulnerable to climate change and flooding is another environmental hazard. Therefore, two climate change variables (i.e., total annual rainfall and variability in annual temperature) and the share of area flooded each year are included to determine their independent influences on ALUD. Finally, agroecology is another important feature that either limits or opens up opportunities for farmers to choose their cropping portfolio which remains largely ignored in the literature. A total of 11 dummy variables representing agroecological characteristics (or AEZs) were incorporated in the model to identify their independent influence on ALUD, leaving the remaining 12 th AEZ subsumed in the intercept/constant term.
The empirical model
In order to identify the determinants of ALUD, we use the Dynamic Generalised Methods of Moment (GMM) estimator for panel data (for details, see section 3.2). The basic model is specified as follows:
where S represents the Shannon index of ALUD, p is a vector of output prices, w is a vector of input prices, S t-1 is the lagged Shannon Index of ALUD, Z is a vector of socio-economic characteristics of the regions, G is a vector of climate change and agroecological variables, e is the error term controlling for the unobserved factors and/or random noise, and a, b, c, d, g and h are the parameters to be estimated and ε rt is the error term. We use this approach because a number of econometric problems may arise in a panel data framework. For instance: (a) a number of explanatory variables, such as, the price variables may be endogenous, and may be correlated with the error term; (b) the time-invariant characteristics (fixed effects) such as regions may be correlated with the explanatory variables. The fixed effects are contained in the error term in equation (10), which consists of the unobserved region-specific effects, v r and the observation-specific errors, u rt (ε rt = v r + u rt ); and (c) the presence of the lagged dependent variable (i.e., ALUD of the previous year, S r,t-1 ) gives rise to autocorrelation (Mileva, 2007) .
Parameters were estimated using a user written program 'xtabond2' by Roodman (2009) (Allerano and Bond, 1991) and is more flexible than the original Allerano-Bond GMM estimator using 'xtabond' command.
Results
Agricultural land use diversity, climate change and land type by agroecology
Since the focus of this study is to highlight the influence of agroecology and climate change on ALUD, we first provide evidence of differences with respect to selected indicators including ALUD amongst 12 composite AEZs (see Figures 1 and Table 2 Index because it considers two elements: species richness and evenness while THI considers only diversification. The overall annual maximum temperature, minimum temperature and total rainfall grew at an annual compound rate of 0.02% (p<0.05), 0.05% (p<0.01) and 0.02% (p<0.10), respectively over this 61 year period with significant differences across AEZs which confirms warming of temperature and rainfall over time although at a very low rate (results not shown).
Determinants of agricultural land use diversity
This section examines the determinants of ALUD at the regional level in Bangladesh. Table 3 presents the parameter estimates of Eq (10) using the Dynamic Panel GMM estimator. Prior to reporting the results, we discuss various hypothesis tests conducted to confirm validity of the model. We have specified all prices, climate change (excluding flood share), farm size, and R&D and extension expenditure variables as endogenous and used the second lag of these endogenous variables as instruments using system GMM estimator. The lower panel of Table 3 shows the results. The Sargan's test has the null hypotheses of 'instruments as a group are exogenous'.
Therefore, the higher is the p-value of Sargan statistic the better (Mileva, 2007) . Table 3 clearly shows that p-values of Sargan's test for overidentified restrictions, GMM instruments and IV instruments are large as required. The Allerano-Bond tests for autocorrelation and has the null hypothesis of 'no autocorrelation' and is applied to differenced residuals. The AR(1) process in the first differences usually rejects the null hypothesis, but the important one is the AR(2) which will detect autocorrelation in the levels of the data (Mileva, 2007) . Table 3 clearly shows that AR(2) test cannot reject the null of 'no autocorrelation'. We further checked for robustness by estimating the GMM model with collapsed instruments which sharply reduces the number of instruments but reduces statistical efficiency in large sample (Roodman, 2009 ). Both Sargan's test and AR(2) test failed to reject the null hypotheses as required (see last two columns at the lower panel of Table 3 ). Therefore, taking results of all these tests altogether, we can consider that the specified model is valid and robust.
Next we present validity tests the variable choices in the model. First, the F-statistic which tests the null that 'the coefficients on the prices, climate change, agroecology and socioeconomic factors are jointly zero' is strongly rejected at 1% level of significance, thereby justifying inclusion of these wide range of variables to explain change in ALUD which also holds for the collapsed instrument GMM model (Table 3) . Furthermore, hypothesis tests of each group of variables as jointly zero are also strongly rejected (Table 4) . We also conducted pairwise t-test for the equality of the coefficients on the 11 agroecology variables, in order to check whether we can aggregate them further. The null of 'equality of coefficients' was strongly rejected for 48 out of the total 55 possible pairs, implying that the impact of these AEZs on ALUD are significantly different.
Since the study uses a long panel data of 61 years, we computed both the short-run and long-run elasticities 2 of ALUD with respect to the regressors (see last two columns of Table 3 ). It is clear from Table 3 that the values of the long-run elasticities are substantially larger than the short-run elasticities as expected. Among the crop prices, increase in the relative price of vegetables will significantly increase ALUD with long-run elasticity value of 0.51. This is expected as revenue earned from vegetables is significantly higher than producing cereals (Rahman, 2009 ). This may explain the observed increase in the area allocated to various vegetables in GCA over time with corresponding rise in the revenue earned from exporting vegetables from Bangladesh in recent years (Rahman, 2010) . Similarly, increase in the relative price of jute will significantly increase ALUD (long-run elasticity value of 0.54). With the rise in awareness against plastic use, demand for jute is on the rise in the international market.
Bangladesh contributes nearly 39% of total raw jute supply cultivated in 39% of total jute area of the world with an average maximum yield of 1.53 mt ha -1 during the 1961-2002 (Gupta et al., 2009 ). Therefore, large positive response of jute price on ALUD is an effect in the right 2 The long-run effect in a GMM Dynamic Panel Data framework can be defined as: β^/(1-ρ), where β^ is the coefficient on X rt-1 and ρ is the coefficient on the lagged-dependent variable S rt-1 (Holmlund and Soderstrom, 2007) .
After some manipulation, the long-run elasticity can be written as (β^/(1-ρ))*(X rt-1 /S rt-1 ).
direction. Negative influence of onion, lentil and sugarcane price on ALUD is contrary to expectation. Area under sugarcane recorded significant decline at variable rates in most regions of Bangladesh over time and also processing facilities of sugarcane is concentrated in few areas of Bangladesh. However, negative influence of a rise in lentil price on ALUD is a source of concern. This is because pulses are leguminous crops and improve soil quality by fixing nitrogen. But yield levels of pulses in Bangladesh are very low and hence fail to compete with other non-cereals, even with price rises perhaps.
Among the input prices, we see that a rise in the prices of urea and potassium fertilizers significantly reduce ALUD with long-run elasticity values of -0.56 and -0.71, respectively. The implication is that if urea and potassium prices increase over time, then the farmers will switch away from non-cereal crops and concentrate on producing cereals because non-cereal crops are fertilizer intensive. On the other hand, a rise in the price of phosphate fertilizer will increase ALUD with a very high long-run elasticity value of 1.13. The influence of agricultural labour wage has no effect on ALUD.
The influence of the socio-economic factors in determining ALUD is not very strong. We see that only R&D investment per farm significantly increase ALUD (long-run elasticity value 0.14) whereas extension expenditure per farm reduces it although the effect is very small in the short-run (elasticity value -0.008). The significantly positive impact of R&D investment on ALUD reinforces the notion to continue investment in research in order to promote growth in agriculture. Rahman and Salim (2013) also reported significant influence of R&D investment on agricultural productivity growth in Bangladesh. However, the negative impact of extension expenditure on ALUD is puzzling. It may be argued that since the thrust of extension activities in Bangladesh was to promote widespread diffusion of a rice-based Green Revolution technology implying cereal monoculture, this may have worked against improving ALUD.
Coming to our variables of interest, i.e., climate change and agroecology, we see that the total rainfall significantly increases ALUD (long-run elasticity value 0.38). High rainfall over time enables farmers to diversify their cropping portfolio requiring varying levels of water.
Temperature variability has a negative influence on ALUD but is not significant. Agroecology has significant and varied influences on ALUD. For example, ALUD is significantly higher in HGRF and LGRF whereas it is significantly lower in GTF, MMRF, LMREF and CCPSI. Both HGRF and LGRF have a good mix of HL, MHL and MLL and also average farm sizes are higher as compared to MMRF, MMREF and CCPSI. Quddus (2009) reported that HGRF and
LGRF have a mixture of silt loam and silt-clay loam soils (most suited for agriculture) and MMRF, MMREF and CCPSI have a mixture grey, grey silt loam and silt clay loam soils. Also, the ratio of agricultural workers to population increased by 11.2% and 15.8% in HGRF and LMRF between 1980-2005 as compared to only 6.5%, 3.5% and 1.6% in MMRF, MMREF and CCPSI, respectively (Quddus, 2009 ). In summary, agroecology significantly influences ALUD which was previously ignored in the literature.
Conclusions and policy implications
The aim of this study is to examine the impacts of climate change, agroecology and socioeconomic factors on ALUD in regions of Bangladesh regions covering a 61 year period . Results revealed that ALUD has actually increased @ 0.19% per year overall, the total rainfall grew @ 0.02% and variability in temperature declined @ 0.06% per year with significant differences across AEZs. ALUD has increased in seven AEZs and declined in five AEZs where important limitations exist in terms of natural and socio-economic constraints.
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A host of climate change, agroecology and socio-economic factors significantly influence ALUD in the long run. Among the climatic factors, total rainfall significantly increases ALUD.
Agroecological characteristics exert significant but variable influences on ALUD. ALUD is significantly higher in Ganges River Floodplains but significantly lower in Meghna River
Floodplains and Chittagong Coastal Plain. Among the socio-economic factors, an increase in the relative prices of vegetables and jute significantly increase ALUD. In other words, a rise in relative prices of these crops will shift farmers to diversify their cropping portfolio to cash crops.
R&D investment significantly increases ALUD as expected.
A number of policy implications can be drawn from the findings of this study. The government should increase investment in R&D as this policy amenable instrument will significantly increase ALUD. First, the focus of research effort should be geared towards two main areas: (a) development of crop varieties of cereals and non-cereals that are responsive to high rainfall; and (b) developing a range of crops suited to specific AEZs. Second, modification of the message and the thrust of agricultural extension services from promoting rice monoculture to crop diversification in order to circumvent its existing negative influence on ALUD. Third, price policies aimed at increasing vegetable and jute prices in order to increase ALUD which in turn will increase foreign exchange earnings for the economy from export. Ali (2004) also highlighted that investment in research and extension system and policy incentives geared towards high value crops (e.g., vegetables) not only make them internationally competitive, but will also improve earnings and productivity of the sector which was also echoed by Joshi et al (2006) . And fourth, price policies aimed at stabilising/reducing fertilizer prices. Bangladesh has undertaken market reforms to liberalise input markets, particularly fertilizers, since the 1990s (Alam et al., 2014) but is now reverting back to fertilizer subsidies to boost growth in the 20 agricultural sector. Our results show that price policies to stabilise/reduce fertilizer prices (particularly widely used urea fertilizer) is essential to promote ALUD. While realizing all these policy options poses formidable challenges, targeted investments in these areas will significantly increase ALUD in Bangladesh which is a desirable goal. Note: Instruments for first differences equation: Standard D. (literacy labourfarm animfarm irrigshare floodshare hptf kfab bjf hgrf lgrf gtf sbskf mmrf lmref ccpsi dhakaeco); GMM-type (Lag order 2 2, i.e., second order of the endogenous variables to be used as instruments (nvege ngarlic nonion njute nlentil nrapeseed nsugar urea1 tsp1 mp1 wage temprange rainfall1 rdevfarm extfarm farmsize)) *** = significant at 1% level (p<0.01) ** = significant at 5% level (p<0.05) * = significant at 10% level (p<0.10) Variable name Definition and construction details constructed as ΣW t-i R t-i , where W i is a weight and R t-i is research investment in year t-i measured at constant 1984-85 prices. The weight for the current year research expenditure is zero, for a one year lag the weight is 0.2, while for a 2 year lag it is 0.4, and so on (for details, see Dey and Evenson, 1991) . The series was then divided by the number of farms. Extension Expenditure per farm Total extension expenditure incurred by the MoA and/or the Department of Agricultural Extension (in million taka) at constant 1984/85 prices is used. Data prior to 1972 were collected from Pakistan Planning Commission reports and few missing years were interpolated using a standard linear trend extrapolation model. The series was then divided by the number of farms. Total annual rainfall Total rainfall measured in mm for each region per month from a list of rainfall recording stations is available from 1948 onward (from Bangladesh Meteorological Department). The regional allocation of this rainfall information is made depending on the location of the rainfall station.
Temperature variability
Monthly maximum and minimum temperature is also available for each region from 1948 onward (from Bangladesh Meteorological Department). We then compute the difference between maximum and minimum average annual temperature each year for each region as a measure of temperature variability.
Flooded area
Data on the extent of area flooded in sq km and as percent of total Bangladesh area is available from 1954 onward. In absence of any further breakdown of this information, we have divided the total percentage of area flooded in Bangladesh evenly into 16 regions (excluding Chittagong Hill Tract). This will leave the total percent of area flooded in the country unchanged for the year it was reported, although dividing this measure evenly across region is rather simplistic. Nevertheless, this will allow us to examine the influence of an important climate variable on ALUD. Agroecology Bangladesh consists of 30 agroecological zones (AEZ) constructed by FAO in 1988 which overlaps amongst administrative boundaries, thereby, making regional classification very difficult. However, Quddus (2009) conducted an exercise by combining two or three AEZs together so that the new classification commensurate with district administrative boundaries. The result was 12 AEZs derived from original 30 AEZs that can be distributed into 64 new districts and are mutually exclusive (for details, see Table 1 in Quddus, 2009) . We have created a set of 12 dummy variables representing these new12 AEZs and allocated them to 17 regions as appropriate.
